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I. INTRODUCTION
Twenty years ago the information systems design was more like art, rather than the result of engineering activities. This was due to the fact that the development was mainly carried out by non-formalized methods based on practical experience of the project team, expert estimates and expensive experimental validations of the quality of information systems functioning. As a rule, the design process did not fit in time and budget, and the information system did not totally match the requirements of the customer. There are data that by the end of the last century only 26 % of IT projects for information systems development were successful [3] .
To overcome the above-mentioned drawbacks, IT professionals attempted to develop the methodology of information system design that provides unification and standardization of the design process based on the systemic principles featuring the industrial production (mass production, repeatability of processes and components, reliability, etc.).
One of the main stages in the design of information systems, which largely determines the quality and functionality of the future system, is the stage of software development.
Currently, there are several dozens of different methodologies of software development.
II. AGILE AND HEAVYWEIGHT METHODOLOGIES
OF SOFTWARE DEVELOPMENT One of the most well-known methods until now is the Rational Unified Process (RUP), created in the second half of the 1990s by the Rational Software company, and based on the principles of object-oriented design [4] . The RUP Methodology accumulates experience of a large number of developers and * Corresponding author's e-mail: OnokoyLS@fa.ru includes a set of concepts that are present in other techniques. RUP meets the standards and regulations, such as ISO 12207, ISO 9000, CMMI, etc.
The iterative process of software development described in the RUP methodology has two dimensions: the content is split into disciplines, and the time -into phases. All disciplines and phases are described in detail in the RUP documentation in the context of individual roles, activities and obtained results (artifacts). The RUP methodology contains a description of more than 30 roles, 20 activities and 70 artifacts. Thus, the design process described in the RUP methodology is strictly regulated [5] , [6] .
The RUP belongs to the class of heavyweight methodologies. It is intended to support the IT design process of any complexity and volume. The consequence of the universality of this methodology is its excessive complexity and inability to give high performance and usability in the design process. Therefore, in practice, an information system design process based on RUP usually starts with the selection of roles, activities and artifacts to simplify the project planning and to reduce financial costs and time.
The Microsoft Solutions Framework (MSF) is also a heavyweight software engineering methodology [7] . The MSF specifies in detail various aspects of the project, such as its phases and milestones, project team, task assignments, etc. In this methodology, special attention is paid to project preparation and risk management.
In 2001, with the publication of the Agile Manifesto [8] , the agile software engineering methods emerged [9] , which focused on reducing mandatory regulations and increasing in degrees of freedom for the design team. The basic principles of agile methods pursue to overcome the disadvantages of heavyweight methodologies. Therefore, agile methodology of software development gives priority to project team members over processes and tools, to working program -over documentation, adjustment of changes in requirements -over compliance with the established plans [10] . An important innovation of agile methodologies is mandatory customer's involvement in the design process, due to the necessity of periodical tests of releases and, consequently, to possible changes in requirements. Thus, agile methodologies provide the blurring of boundaries between the customer and the project team; they work on the project together, constantly interacting [11] , [12] .
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Scrum methodology is based on time-management principles, which have been efficient for IT project development. Scrum includes the detailed description of the three main components: roles, artifacts and processes. The main roles are Scrum Master, Product Owner, and Scrum Team. Scrum Master is responsible for productive interaction between the project team members and external relations. Scrum Master is also responsible for the methodology principle implementation. In turn, Product Owner represents the interests of the customer in the IT project and is responsible for the quality and functionality of the software product. Scrum Team develops the software product and is responsible for it to the Product Owner [13] , [14] , [15] .
The iterative process of software development involves timelimited iterations (Sprints), at the initial stage of which new requirements are introduced. Each Sprint ends with a new release for the software product increment. The specific feature of the Scrum methodology is a mandatory meeting of all project team members to discuss current problems (daily meetings), to introduce new functionality to the Product Owner at the end of the sprint (sprint reviews), and to discuss the results of the sprint (retrospective).
To its advantage, the Scrum methodology strives to satisfy the customer, shows significant adaptability to the new requirements, as well as ability to start the project when the requirements are still incomplete. The significant drawback of Scrum is strong dependence of the development process efficiency on the skills, self-organisation, cross-functionality and stability of the team. In consequence, typical Scrum projects involve high costs on the formation of the team, its training and motivation. Besides, the implementation of the Scrum principles means significant loss of time. In practice, daily meetings, sprint reviews, and sprint retrospectives take about 30 % to 40 % of project time. In real software development projects, the team members usually combine several roles (Scrum Master and Scrum Team member, or Product Owner and Scrum Team member) to reduce costs.
XP (eXtreme Programming) [16] is focused on software development in case of uncertainty and/or inconstancy of requirements. XP consists of management and engineering practices. Special attention is given to the engineering practices such as TDD (Test Driven Development) and Pair Programming, providing high quality software development. XP supports iterative design process and consists of short iterations (minimum duration of a few seconds). In XP process the participation of customer's representative is mandatory [17] , [18] .
Advantages of XP:
• guaranteed customer and user satisfaction by the quality and functionality of the software product; • high-speed development and high quality of the resulting software product.
Disadvantage of XP: strong dependence of the project results on the customer representatives' participation and their ability to formulate requirements and evaluate the obtained results, as well as the skills of developers.
The Lean methodology of software development [19] , [20] contains seven principles of adapting successful production management practices to the software development process. Lean methodology is described in detail in the book "Lean Software Development" by Mary and Tom Poppendieck. The authors suppose that software development project efficiency increases, when the developers focus on increasing product value for the consumer and reducing losses. Lean methodology considers as losses to project the redundant requirements and functions of the software product, unreasonable extras in development process, code error, project team downtime, etc. To eliminate losses, it is necessary to manage and put under control all the stages of software development.
The Lean methodology allows speeding up software development and improving its quality, thus reducing the costs.
In practice, the disadvantage of the Lean methodology is excessive requirements to qualification of the project team members and constant monitoring of software development processes management and effective decision making.
The Kanban methodology contains only three rules, which regulate the software development process, divided into separate tasks. Kanban uses mandatory visualisation of task performing process (Kanban Board), limits the number of simultaneously running tasks at every stage of design, optimises the design process by the analysis of task run-time [11] , [12] , [21] .
The Kanban methodology makes a good supplement to other methodologies (Scrum, Lean, etc.) and speeds up development progress significantly.
The disadvantage of the Kanban methodology is team size limited to 5 members, whose cross-functionality is not allowed, which imposes significant limits on the scope and complexity of design. Figure 1 shows the level of popularity of the said agile methodologies according to the survey Version One (2016) [22] . 
Agile methods and practices
In practice, the agile methodologies of software development are not universally applicable and have significant limitations for complex and important projects, which are critical in terms of confidentiality. They are mainly applied to small projects or projects that are easily split into components. They show good results for IT start-ups. In the agile methodologies increased requirements are imposed on the project team (usually small in size), and in particular, on the members' high skills, selforganisation and commitment, because they are expected to make project management decisions on their own, ensuring its efficiency and development quality [11] , [12] , [20] .
III. SELECTION CRITERIA OF SOFTWARE DEVELOPMENT METHODOLOGIES
One of the important tasks of software development project is the choice of methodological approach to its implementation. According to the authors, the methodology selection criteria should be considered in terms of ( Fig. 2 ):
• the main characteristics of the software development project; • parameters of the project group; • customer's characteristics. To the authors' opinion, in the first class of methodology selection criteria the following project characteristics are the most significant:
• importance and complexity of the project;
• volume of development; • time; • budget; • documentary support;
• requirements for software development;
• safety and risks;
• specifics of the subject area, which impose restrictions on the choice of methodology. In turn, the class of the project group parameters, according to the authors, should be divided into subclasses of objective and subjective criteria. Indicators of objective criteria are measured with specific values, and therefore their implementation is easy to manage. The subjective criteria have no obvious units to be measured; therefore, they are rather hard to be applied.
Objective criteria include:
• team members' number;
• qualification level of the team members;
• cross-functionality of team members;
• stability of the team;
• location of team members.
The most important subjective criteria are:
• project team members' experience in using specific methodology; • project team commitment to teamwork, discipline and self-organisation. The characteristics of customer's organisation, according to the authors, should also be divided into objective and subjective criteria.
As objective characteristics of the customer it is necessary to mention:
• readiness of customer's representatives to participate in the project; • customer's high qualification;
• readiness for the introduction and testing of prototypes at a fixed frequency. The subjective characteristic of the client, which influences the choice of software development methodology, is a trust relationship with the project team. Table I presents the values of the criteria with regard to the selection of various methodologies. On the basis of the data provided in Table I and actual multi-criteria selection methods, it would be easy to make a substantiated choice of methodology for software development.
In practice, the increase of project team and/or of project importance means pursuance of binding regulations, and increases methodology hardness (density). The harder the methodology, the higher the project costs and its duration. The less difficult the methodology, the more autonomy a project team has in management and engineering solutions, and therefore the higher requirements for skills, discipline and selforganisation of the team. The modern design process of large and complex information systems is often implemented with the use of both heavy weight methodologies for software modules with high requirements to security and risk minimisation, and agile methodologies for software modules with frequently changing requirements.
However, the emergence of agile methodologies in software development has not solved the longstanding contradiction between software developers and IT professionals who are responsible for its operation. The essence of this contradiction lies in different tasks and different areas of responsibility of development and operation professionals. Thus, developers are interested in more releases, improving software and expanding its functionality. In turn, IT professionals are interested in stable software to ensure trouble-free operation of information system. Developers perform their task in accordance with requirements of the customer, who is not necessarily the end user of the software product, but for IT professionals, the main consumer of operation services is the user. Besides, developers and IT professionals work each in their own environment, and conflict of interest often arises when the software product has to be deployed in its operation environment, different from the development environment.
IV. DEVOPS METHODOLOGY
To solve the above-mentioned problems, a rather new methodology DevOps is intended, the application of which was first mentioned in 2009. The main ideas of DevOps are to consolidate efforts and expand communication between software developers (Development) and IT professionals (Operation), as well as to automate software deployment processes to ensure high quality [1] , [2] . The functionality of the DevOps methodology is the inter-crossing of three areas (Fig. 3) . The structure of DevOps (Fig. 4) includes three main components: people, processes and tools [1] . People, and this is already mentioned above, developers (analysts, programmers and testers) and IT staff should, through continuous interaction, feel themselves as members of a single team aimed at increasing the value of the software product for users. To achieve this result, it is necessary to encourage all IT staff cohesion, mutual understanding, responsibility, and crossfunctionality, usually due to periodic general meetings to discuss the received results and existing problems, and refresher courses.
Design processes are implemented as iterative with the participation of all members of the development team and IT staff, as well as customers and users. The DevOps methodology focuses on frequent issue of releases and solves the problem of their effective implementation in the operating environment, so DevOps can act as an optimal complement to any agile software development methodology (SCRUM, Kanban, Extreme Programming, etc.) [2] .
The toolchain that implements the DevOps methodology provides [1] :
• automatic testing of the new release code;
• integration of a new release into a previously developed working version of the software product; • automatic testing of the updated working version of the software product; • management and preparation of computing infrastructure for deployment of the updated working version of the software product; • management of the updated working version deployment; • configuration management; • load testing and stress testing of the updated working version of the software product. Thus, using the methodology of DevOps it is possible to achieve the repeatability of development process and application deployment, supporting its versioning and high quality. The advantages of the DevOps methodology accelerate the implementation process and increase its reliability, as well as resource efficiency, and reduce risks.
V. CONCLUSION
The world-wide transition to the digital economy extends the boundaries of the use of IT technologies. From the point of view of the IT industry, this means that the volumes, complexity and variety of problems in the design of information systems are increasing. In these conditions, the importance of methodologies for the design of information systems increases, which ensure an increase in the efficiency of development processes.
As the study showed, the methods and practices of information systems design have had progress and wide practical application.
According to the authors, the main trend in software engineering is further standardisation and unification of all the life cycle stages of information systems, based on specially designed software.
Тhe IT industry efficiency requires to implement Lean software design principles [10] , in particular the transition from the predominantly unique project activity to the flow production model. In the future, the work of most IT professionals will consist in the implementation of strictly regulated actions managed by software. 
